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Abstract 
 
Cervical cancer (CC) is a common malignancy in women and a major cause of cancer- related 
mortality globally. Some novel biomarkers may enable the early diagnosis and monitoring of 
CC. MicroRNAs are small noncoding RNAs that control gene translation at a post 
transcriptional level.  Hence the deregulation of these molecules can cause many diseases. 
There appears to be an association between aberrant miRNA expression and CC, but the 
molecular mechanisms involved in the development of CC remain unknown. The upregulation 
of some circulating miRNAs, e.g. miRNA-20a, miRNA-203, miRNA-21, miRNA-205, 
miRNA-218, and miR-485-5, as well as tissue specific-miRNAs, e.g. miR-7, miR-10a, miR-
17-5p, miR-135b, miR-149 and miR-203 has been found in patients with CC. There is also 
growing evidence for the importance of miRNAs in the development of drug-resistance. This 
review therefore highlights recently published preclinical and clinical investigation performed 
on tissue-specific and circulating miRNAs, as potential biomarkers for the detection of patients 
at early stages of CC, in the prediction of prognosis, and monitoring of their response to 
therapy. 
 





Cervical cancer (CC) is the fourth most common cancer in women and a major cause of cancer- 
related mortality. A comprehensive approach that includes early diagnosis of CC can reduce 
the high mortality rate of this disease globally (1). Thus the identification of novel prognostic 
and predictive biomarkers is an important factor in the management of patients during therapy 
and in the early diagnosis of cervical cancer. 
MicroRNAs (miRNAs) are endogenous single-stranded noncoding RNAs that control gene 
expression at post-transcriptional level by means of miRNA-mRNA interactions. These 
interactions lead to degradation or inhibition of mRNA translation (2). MicroRNAs are of great 
importance in all biological processes, thus abnormal expression of these molecules has been 
found to be associated with several conditions. In 2002 it was first reported that miRNAs are 
associated with cancer and attention was drawn to these molecules because of their potential 
value as biomarkers(3). MicroRNAs can circulate in several forms:  freely in blood, 
encapsulated in exosomes or associated with protein complexes. Studies have shown a 
deregulation of their expression in cervical cancer patients(4). The expression pattern of 
miRNAs in the tumor tissue of cervical cancer patients also differed from healthy subjects (5). 
Other studies have evaluated the role of miRNAs as therapeutic targets. This requires further 
comprehensive studies. 
There has been a recent increasing interest in the miRNAs in relation to cancer diagnosis.  
 
Circulating microRNAs in cervical cancer 
MiRNAs circulate in the bloodstream, often within micro vesicles or protected by binding 
proteins in blood. They can be chemically altered (e.g., methylation), making them highly 
resistant to decay by ribonuclease and may therefore be potential biomarkers due to their 
stability, and ease of measurement. However, the source and detailed mechanisms of cellular 
release of circulating miRNAs remains largely unknown. Studies have shown that miRNAs 
can be released into the circulation from cells by apoptotic and necrotic cell death. MiRNAs 
can also be secreted by cancer cells, and this may enhance tumor growth and spread, and are 
also released by numerous other cell types such as blood cells, immune effector cells, and other 
cells involved in tumor attack and inflammatory response. Zhao et al,  demonstrated that there 
are high serum concentrations of miRNA-20a and miRNA-203 in patients with CC compared 
to healthy subjects (6). Ma and coworkers have reported that miRNA-205 could also be a 
promising biomarker as its serum levels are increased in patients with cervical cancer (7). 
MiRNA-21 could play a role in the diagnosis of cervical cancer metastasis. Future studies are 
needed to explore whether a therapeutic intervention can be developed based on this finding 
that could be used to block lymph node metastasis in cervical cancer. (8) Yu and collaborators 
have reported that the expression of miRNA-218 alters according to the different stages of 
cancer: cancer pathological pattern and lymph node metastasis, and so it has been proposed 
that miRNA-218 could be used in the cancer staging process (9). This view is partially 
supported by Nagamitsu et al (2015), who have shown an increased level of serum miRNA-
1290 along with the stage of CC. On the other hand, the authors did not observe any significant 
relationship between miRNA expression level and lymph node metastasis. This research also 
provides evidence of a much higher level of miR-485-5p, miR-1246, miR-1275 and miR-1290 
among cervical cancer patients in comparison with healthy individuals (10). 
 
 
Exosomes and miRNAs 
Exosomes are nano-sized (30–100 nm) membrane extracellular vesicles, that originate from 
numerous types of cells, including: tumor cells, reticulocytes, neurons, and immune cells in 
physiological and pathological conditions. Exosomes comprise a lipid bilayer containing 
ceramides, phosphoglycerides, cholesterols, and sphingolipids. Since exosomes originate from 
cells, they contain several cellular component, that include: carbohydrates, lipids, proteins, 
peptides, DNAs, and RNAs (Figure 1). Exosomes are present in most body fluids, including: 
saliva, blood, breast milk, and urine. Once released, exosomes bind to other cells via receptor-
ligand mechanisms, or deliver intra-exosomal elements without specific binding. Exosomes 
contain genetic information of their cellular source, and circulate throughout the circulatory 
system. Therefore, the biomolecules that they contain, such as miRNAs may be potentially 
useful biomarkers, allowing non-invasive disease diagnosis (2).  
Numerous studies have shown that the components secreted by exosomes from cancer cells are 
associated with tumor promotion and malignancy. According to Liu and colleagues, exosomal 
levels of miRNA-21 and miRNA-146a were higher in samples from patients with cervical 
cancer compared to those who were HPV-positive, or HPV-negative normal counterparts. 
Furthermore, miRNA-21 and miRNA-146a were expressed at a higher levels in exosomes from 
HPV-positive patients than in HPV-negative subjects.(11) Similarly, as noted by Honegger et 
al, expression of E6/E7 oncogenes in HPV-positive cancer cells could affect the exosomal 
expression level of 7 cervical cancer-associated miRNAs, with a down-regulation of let-7d-5p, 
miR-20a-5p, miR-378a-3p, miR-423-3p, miR-7-5p, and miR-92a-3p and up-regulation of 
miR-21-5p (12). A recent review concluded that miRNA-7, miRNA-99, miRNA-378 and the 
miRNA 17-92 families of miRNAs are the major exosomal miRNAs that are altered in HPV 
associated cancers, particularly CC (13). 
 
Tissue specific MiRNAs in cervical cancer 
Different miRNA families have evolved to provide a diverse range of transcriptional products. 
Sequence maintenance and RNA binding-proteins have evolved together to gain a final fine-
tuning gene adjustment in various cells and tissues Several miRNAs have been identified that 
are related to CC growth. For instance, miR-7, miR-10a, miR-17-5p, miR-19a and miR-19b, 
miR-21, miR-125b and miR-138, each regulates tumorigenic, or tumor suppressor factors: 
XIAP, CHL1, TP53INP1, CUL5, PDCD4, PIK3CD, and hTERT respectively. These factors 
are negatively regulated by the above miRNAs apart from CUL5. (14) Furthermore, Li et al 
have suggested that miRNA-100 is expressed at higher levels in low-grade CIN samples 
compared to high-grade CIN . MiRNA-100 is a negative regulator of PLK1, whose 
overexpression is often observed in tumor cells. Therefore, the adverse impact of miRNA-100 
on cell growth would be justifiable. (15) In an investigation into cervical cancer-associated 
miRNAs, Pereira et al found that miR-21, miR-135b, miR-223, miR-301b and miR-135b are 
over-expressed miRNAs, that could be useful to diagnose cervical cancer (16). Lee et al has 
suggested that miR-199-s, miR-9, miR199a, miR-199a, miR-199b, miR-145, miR-133a, miR-
133b, miR-214 and miR-127 are the most significantly up-regulated miRNAs and miR-149 
and miR-203 as two down-regulated miRNAs in tumor samples. In order to understand the 
effect of miRNA-199a expression level on cell growth, Lee et al transfected anti-miRNA-199a 
into the SiHa and ME-180 tumour cell lines, and observed a significant reduction in miRNA-
199a expression levels, suggesting a cancer growth blocker function of anti-miRNA-199a. (17) 
Reshmi et al have noted that some miRNAs (miR-126, miR-143, miR-145, miR-218, and miR-
424) are downregulated and others upregulated (miR-15b, miR-16, miR-146a, miR-155, and 
miR-223) in CC tissues. They also proposed that diﬀerent miRNA species could have a tumor 
suppressive or oncogenic function in CC tissues. (18) For instance, it has been shown that 
miRNA-143 and miRNA-145 act as a suppressive factor for tumor progression, whereas 
overexpression of miRNA-146a has a tumorogenic effect and reduce cervical cancer cell 
doubling time (19). Granados-López conclude that miR-10a-5p and miR-10b-5p play an 
adverse role in cervical cancer development. MiR-10a-5p behaves as an oncogene and its 
expression level increases from stage 1 to stage 4 of cervical cancer. Whereas, miR-10b-5p has 
a tumor-suppressor function as a result of its ability to down-regulate Homeobox A1 (HOXA1). 
(20) A further opposing function in one family of miRNAs has been reported between miR-
15a-3p and miR-15a-5p (21). In addition, miR-15 and miR-16 have been placed in the group 
of cancer growth blocker miRNAs, as their overexpression could affect negatively on HeLa 
cells’ G1-S cycle (21). A recent study by Lopez et al demonstrated that miRNA-1-3p is an anti-
oncomiRNA; as it regulates glucose-6-phosphate dehydrogenase (G6PD) level, it contributes 
to programmed cell death and a reduction in cancer growth (22).  
MiRNAs as Therapeutic Targets 
Many clinical trials have investigated the relationship between miRNA and different disease 
such as malignances, asthma, psychotic depression, Irritable bowel syndrome, diabetes 
mellitus, and cardiovascular disease (23-27). Several clinical studies are in progress on the 
effect of miRNA on a variety of cancers like prostate, breast, melanoma, skin, lung cancers, 
etc (28-32). In relation to these studies, scientists have focused on the use of miRNAs as a 
diagnostic, predictive, or prognostic biomarkers for cancer treatment. For example, in a recent 
study, Hagstrom AD and Denham have shown miRNA expression profile is different between 
high and low responders to resistance training in breast cancer patients (33). In the first-in-man, 
phase 1, open-label, dose-escalation study, scientists examine the Safety and activity of 
microRNA-loaded minicells in patients with recurrent malignant pleural mesothelioma. They 
could find The acceptable safety profile and early signs of activity of TargomiRs in patients 
with malignant pleural mesothelioma (34) in the first-in-human, phase I study, which assessed 
the maximum tolerated dose (MTD), safety, pharmacokinetics, and clinical activity of MRX34, 
a liposomal miR-34a, in patients with advanced solid tumors, results have been shown, MRX34 
treatment with dexamethasone premedication was associated with acceptable safety and 
showed evidence of proloferation activity in a subset of patients with advanced solid tumors 
(35).  
. In CC, the most common treatments are surgery, radiotherapy, chemotherapy (36). Mou et al 
have reported that miR-148b is a tumor suppressor of CC, that works by inducing G1/S-phase 
cell cycle arrest and apoptosis in a caspase-3-dependent manner. Hence, overexpression of 
miR-148b may be a new therapeutic approach for CC (37). Wand and colleagues have found 
that miR-214 is frequently downregulated in tumor tissues chiefly in CIN III. MiR-214 can 
prevent cell migration and invasion and enhanced drug sensitivity in cervical cancer cells (36). 
Zhou et al have shown that miR-138 expression is downregulated in cervical cancer and is 
negatively associated with advanced FIGO (International Federation of Gynecology and 
Obstetrics) stage and lymph node metastasis. In other words, miR-138 functions as a tumor 
suppressor in cervical cancer by suppressing cancer growth, preventing cell migration and 
increasing apoptosis (38). Another study has shown that miR-195 inhibits CC cell proliferation, 
invasion and migration (39). Therefore miR-195 may be a potential target for the treatment of 
CC (39). Su and colleagues have reported that patients with cervical cancer, who have a 
decreased expression of miR-34a and miR-206, have an increased risk of lymph node 
metastasis, advanced stage and histological grade and shorter survival in the study (40). 
MicroRNA 21 is recognized as the direct target gene of GAS5 and over expression of GAS5 
prevents cervical cancer cell growth, invasion and migration according to Wen et al (41). Li 
and colleagues have shown that miR-138 is a potential prognostic biomarker and miR-138 
functions as tumor suppressor in CC (42). Li et al have reported that miR-378 is a novel 
therapeutic strategy in CC (43). MiR-30e can suppress the proliferation and invasion of CC 
cells through targeting mRNA and it can be a new therapeutic target for CC in the future (44). 
Wang et al have shown that overexpression of miR-34a-5p prevented proliferation of CC cells 
and promoted apoptosis of these cells by down-regulating Bcl-2 expression (45). Another study 
found that miR-187 inhibited the proliferation and promoted apoptosis of cervical cancer cells 
and it also inhibited the growth of CC cells in nude mice in an in vivo experiment (46).  
Conclusion: 
CC is a major cause of cancer-related mortality in women. Thus identification of novel 
prognostic and predictive biomarkers is essential in management of patients during the therapy 
and early diagnosis of cancer. Numerous recent studies have highlighted the predictive and 
therapeutic role of miRNAs in cervical cancer. However, there is a need for more 
comprehensive studies to light up the clinical utility of these biomarkers.  
Many studies have evaluated different types of circulating or tissue specific miRNAs and their 
role in diagnosis of cervical cancer. The expression level of some of these differs significantly 
in CC patients from healthy individuals, and thus they can be used as biomarkers to diagnose 
cancer in early stages. Many studies support the therapeutic potential of miRNAs in cervical 
cancer. MicroRNAs can suppress the proliferation and invasion of cancer cells and as a result 
prevent metastasis. It is also stated that these markers can induce apoptosis of the cancer cells. 
On the other hand, some miRNAs are oncogenes and increase simultaneously with the stages 
of cancer. The studies of microRNAs are very promising and future studies will simplify the 
diagnosis and treatment of cancer. Understanding of molecular pathways of miRNAs that 









.1 Cervical cancer: World Health Organization; 2017. Available from: 
http://www.who.int/cancer/prevention/diagnosis-screening/cervical-cancer/en./ 
2.  Bahrami A, Aledavood A, Anvari K, Hassanian SM, Maftouh M, Yaghobzade A, et al. The 
prognostic and therapeutic application of microRNAs in breast cancer: Tissue and circulating 
microRNAs. Journal of cellular physiology. 2017. 
3.  Acunzo M, Romano G, Wernicke D, Croce CM. MicroRNA and cancer--a brief overview. 
Advances in biological regulation. 2015;57:1-9. 
4.  Cortez MA, Welsh JW, Calin GA. Circulating microRNAs as noninvasive biomarkers in breast 
cancer. Recent results in cancer research Fortschritte der Krebsforschung Progres dans les 
recherches sur le cancer. 2012;195:151-61. 
5.  Yang Y, Xie YJ, Xu Q, Chen JX, Shan NC, Zhang Y. Down-regulation of miR-1246 in cervical 
cancer tissues and its clinical significance. Gynecologic oncology. 2015;138(3):683-8. 
6.  Zhao S, Yao D, Chen J, Ding N. Circulating miRNA-20a and miRNA-203 for screening lymph 
node metastasis in early stage cervical cancer. Genetic testing and molecular biomarkers. 
2013;17(8):631-6. 
7.  Ma Q, Wan G, Wang S, Yang W, Zhang J, Yao X. Serum microRNA-205 as a novel biomarker 
for cervical cancer patients. Cancer cell international. 2014;14(1):81. 
8.  Zhang L, Zhan X, Yan D, Wang Z. Circulating microRNA-21 is involved in lymph node 
metastasis in cervical cancer by targeting RASA1. International Journal of Gynecological Cancer. 
2016;26(5):810-6. 
9.  Yu J, Wang Y, Dong R, Huang X, Ding S, Qiu H. Circulating microRNA-218 was reduced in 
cervical cancer and correlated with tumor invasion. Journal of cancer research and clinical oncology. 
2012;138(4):671-4. 
10.  Nagamitsu Y, Nishi H, Sasaki T, Takaesu Y, Terauchi F, Isaka K. Profiling analysis of circulating 
microRNA expression in cervical cancer. Molecular and clinical oncology. 2016;5(1):189-94. 
11.  Liu J, Sun H, Wang X, Yu Q, Li S, Yu X, et al. Increased exosomal microRNA-21 and microRNA-
146a levels in the cervicovaginal lavage specimens of patients with cervical cancer. International 
journal of molecular sciences. 2014;15(1):758-73. 
12.  Honegger A, Schilling D, Bastian S, Sponagel J, Kuryshev V, Sültmann H, et al. Dependence of 
intracellular and exosomal microRNAs on viral E6/E7 oncogene expression in HPV-positive tumor 
cells. PLoS pathogens. 2015;11(3):e1004712. 
13.  Satapathy S, Batra J, Jeet V, Thompson EW, Punyadeera C. MicroRNAs in HPV associated 
cancers: small players with big consequences. Expert Review of Molecular Diagnostics. 
2017;17(7):711-22. 
14.  Banno K, Iida M, Yanokura M, Kisu I, Iwata T, Tominaga E, et al. MicroRNA in cervical cancer: 
OncomiRs and tumor suppressor miRs in diagnosis and treatment. The Scientific World Journal. 
2014;2014. 
15.  Li BH, Zhou JS, Ye F, Cheng XD, Zhou CY, Lu WG, et al. Reduced miR-100 expression in 
cervical cancer and precursors and its carcinogenic effect through targeting PLK1 protein. European 
journal of cancer. 2011;47(14):2166-74. 
16.  Pereira PM, Marques JP, Soares AR, Carreto L, Santos MA. MicroRNA expression variability in 
human cervical tissues. PloS one. 2010;5(7):e11780. 
17.  Lee J-W, Choi CH, Choi J-J, Park Y-A, Kim S-J, Hwang SY, et al. Altered MicroRNA expression in 
cervical carcinomas. Clinical Cancer Research. 2008;14(9):2535-42. 
18.  Reshmi G, Pillai MR .Beyond HPV: oncomirs as new players in cervical cancer. FEBS letters. 
2008;582(30):4113-6. 
19.  Wang X, Tang S, Le S-Y, Lu R, Rader JS, Meyers C, et al. Aberrant expression of oncogenic and 
tumor-suppressive microRNAs in cervical cancer is required for cancer cell growth. PloS one. 
2008;3(7):e2557. 
20.  Granados-López AJ, Ruiz-Carrillo JL, Servín-González LS, Martínez-Rodríguez JL, Reyes-
Estrada CA, Gutiérrez-Hernández R, et al. Use of Mature miRNA Strand Selection in miRNAs Families 
in Cervical Cancer Development. International journal of molecular sciences. 2017;18(2):407. 
21.  Druz A, Chen Y-C, Guha R, Betenbaugh M, Martin SE, Shiloach J. Large-scale screening 
identifies a novel microRNA, miR-15a-3p, which induces apoptosis in human cancer cell lines. RNA 
biology. 2013;10(2):287-300. 
22.  Granados López AJ, López JA. Multistep model of cervical cancer: participation of miRNAs 
and coding genes. International journal of molecular sciences. 2014;15(9):15700-33. 
23.  Li J, Li Q, Chen L, Gao Y, Li J. Expression profile of circular RNAs in infantile hemangioma 
detected by RNA-Seq. Medicine. 2018;97(21):e10882. 
24.  Pei L, Chen H, Guo J, Chen L, Wu X, Xu W, et al. Effect of acupuncture and its influence on 
visceral hypersensitivity in Ibs-d patients: Study protocol for a randomized controlled trial. Medicine. 
2018;97(21):e10877. 
25.  Kolshus E, Ryan K, Blackshields G, Smyth P, Sheils O, McLoughlin D. Peripheral blood micro 
RNA and VEGFA mRNA changes following electroconvulsive therapy: implications for psychotic 
depression. Acta Psychiatrica Scandinavica. 2017;136(6):594-606. 
26.  Cui X, You L, Zhu L, Wang X, Zhou Y, Li Y, et al. Change in circulating microRNA profile of 
obese children indicates future risk of adult diabetes. Metabolism. 2018;78:95-105. 
27.  Davis JS, Sun M, Kho AT, Moore KG, Sylvia JM, Weiss ST, et al. Circulating microRNAs and 
association with methacholine PC20 in the Childhood Asthma Management Program (CAMP) cohort. 
PloS one. 2017;12(7):e0180329. 
28.  Lin H-M, Mahon KL, Spielman C, Gurney H, Mallesara G, Stockler MR, et al. Phase 2 study of 
circulating microRNA biomarkers in castration-resistant prostate cancer. British journal of cancer. 
2017;116(8):1002. 
29.  Halvorsen AR, Helland Å, Gromov P, Wielenga VT, Talman MLM, Brunner N, et al. Profiling of 
microRNAs in tumor interstitial fluid of breast tumors–a novel resource to identify biomarkers for 
prognostic classification and detection of cancer. Molecular oncology. 2017;11(2):220-34. 
30.  Ding Z, Jian S, Peng X, Liu Y, Wang J, Zheng L, et al. Loss of MiR-664 expression enhances 
cutaneous malignant melanoma proliferation by upregulating PLP2. Medicine. 2015;94(33.) 
31.  Sand M, Skrygan M, Georgas D, Arenz C, Gambichler T, Sand D, et al. Expression levels of the 
microRNA maturing microprocessor complex component DGCR8 and the RNA‐induced silencing 
complex (RISC) components argonaute‐1, argonaute‐2, PACT, TARBP1, and TARBP2 in epithelial skin 
cancer. Molecular carcinogenesis. 2012;51(11):916-22. 
32.  Pavel AB, Campbell JD, Liu G, Elashoff D, Dubinett S, Smith K, et al. Alterations in Bronchial 
Airway miRNA Expression for Lung Cancer Detection. Cancer Prevention Research. 2017. 
33.  Hagstrom AD, Denham J. microRNAs in High and Low Responders to Resistance Training in 
Breast Cancer Survivors. International journal of sports medicine. 2018. 
34.  van Zandwijk N, Pavlakis N, Kao SC, Linton A, Boyer MJ, Clarke S, et al. Safety and activity of 
microRNA-loaded minicells in patients with recurrent malignant pleural mesothelioma: a first-in-
man, phase 1, open-label, dose-escalation study. The Lancet Oncology. 2017;18(10):1386-96. 
35.  Beg MS, Brenner AJ, Sachdev J, Borad M, Kang Y-K, Stoudemire J, et al. Phase I study of 
MRX34, a liposomal miR-34a mimic, administered twice weekly in patients with advanced solid 
tumors. Investigational new drugs. 2017;35(2):180-8. 
36.  Wang JM, Ju BH, Pan CJ, Gu Y, Li MQ, Sun L, et al. MiR-214 inhibits cell migration, invasion 
and promotes the drug sensitivity in human cervical cancer by targeting FOXM1. American journal of 
translational research. 2017;9(8):3541-57. 
37.  Mou Z, Xu X, Dong M, Xu J. MicroRNA-148b Acts as a Tumor Suppressor in Cervical Cancer by 
Inducing G1/S-Phase Cell Cycle Arrest and Apoptosis in a Caspase-3-Dependent Manner. Medical 
science monitor : international medical journal of experimental and clinical research. 2016;22:2809-
15. 
38.  Zhou N, Fei D, Zong S, Zhang M, Yue Y. MicroRNA-138 inhibits proliferation, migration and 
invasion through targeting hTERT in cervical cancer. Oncology letters. 2016;12(5):3633-9. 
39.  Song R, Cong L, Ni G, Chen M, Sun H, Sun Y, et al. MicroRNA-195 inhibits the behavior of 
cervical cancer tumors by directly targeting HDGF. Oncology letters. 2017;14(1):767-75. 
40.  Chen AH, Qin YE, Tang WF, Tao J, Song HM, Zuo M. MiR-34a and miR-206 act as novel 
prognostic and therapy biomarkers in cervical cancer. Cancer cell international. 2017;17:63. 
41.  Wen Q, Liu Y, Lyu H, Xu X, Wu Q, Liu N, et al. Long Noncoding RNA GAS5, Which Acts as a 
Tumor Suppressor via microRNA 21, Regulates Cisplatin Resistance Expression in Cervical Cancer. 
International journal of gynecological cancer : official journal of the International Gynecological 
Cancer Society. 2017;27(6):1096-108. 
42.  Li H, Sheng Y, Zhang Y, Gao N, Deng X, Sheng X. MicroRNA-138 is a potential biomarker and 
tumor suppressor in human cervical carcinoma by reversely correlated with TCF3 gene. Gynecologic 
oncology. 2017;145(3):569-76. 
43.  Li S, Yang F, Wang M, Cao W, Yang Z. miR-378 functions as an onco-miRNA by targeting the 
ST7L/Wnt/beta-catenin pathway in cervical cancer. International journal of molecular medicine. 
2017;40(4):1047-56. 
44.  Wu H, Chen J, Li D, Liu X, Li L, Wang K. MicroRNA-30e Functions as a Tumor Suppressor in 
Cervical Carcinoma Cells through Targeting GALNT7. Translational oncology. 2017;10(6):876-85. 
45.  Wang X, Xie Y, Wang J. Overexpression of MicroRNA-34a-5p Inhibits Proliferation and 
Promotes Apoptosis of Human Cervical Cancer Cells by Downregulation of Bcl-2. Oncology research. 
2017. 
46.  Liang H, Luo R, Chen X, Zhao Y, Tan A. miR-187 inhibits the growth of cervical cancer cells by 




Figure 1. Exosomes and microRNAs. Exosomes contain genetic information of their cellular source, 
and circulate throughout body, indictaing its values as non-invasive biomarkers 
 
 
 
